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EXECUTIVE SUMMARY 
In recent years, increased wheel loads and tire pressures have 
led to increased stresses within pavements. The resultant effects 
have been more obvious in flexible pavements. Thicker pavements 
structures may be constructed to withstand larger numbers of 
equivalent axleloads; however in the case of flexible pavements, 
elevated temperatures in the upper layers of the asphalt-bound 
materials make those layers highly susceptible to rutting and 
shoving. 
This study was initiated with the general objective of 
quantifying some of the parameters that govern the stability and 
rutting characteristics of asphalt-bound materials. Aggregate type 
and gradation, loading magnitudes and patterns, asphalt types and 
viscosity, are known to affect the stability of an asphalt mixture. 
The study was conducted in three phases. The first phase was 
a study of the effects of large stone gradations on the rutting and 
fatigue characteristics of an asphalt base mixture. The second 
phase was an in-depth study of the mastic portion (smaller than 
3/8-inch) of an asphalt mixture. The third phase was a laboratory 
analysis of field cores obtained from in-service pavements, and 
rutting measurements on a number of in-service pavements. 
It can be concluded that large stone base mixtures are less 
susceptible to rutting than base mixture with finer gradations. 
Also, large stone base mixture having a polymer modified asphalt 
cement appeared to have less rutting potential (based on laboratory 
rutting tests) than an equivalent mixture without a modified 
asphalt cement. 
Mastic mixtures that contain manufactured limestone sands have 
less rutting potential than mixtures that contain natural sands. 
It is recommended that the percentage of natural sands be limited 
in the mastic portion of a mixture. 
From this study, there appears to be no correlation between 
Marshall stability and resilient modulus when testing field cores. 
It is concluded that the Marshall test is not a good indicator of 
rutting behavior or resilient strength. 
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Btresses within pavements. The resultant effects have been more obvious in flexible 
pavements. Thicker pavement atructures may be constructed to withstand larger 
numbers of equivalent axleloads; however in the case of flexible pavements, elevated 
temperatures in the upper layers of the asphalt-bound materials make those layers 
highly susceptible to rutting or shoving. 
This research study was initiated with the general objective of quantifying some 
of the parameters that govern the stability and determining if stability is a good indicator 
of the rutting characteristics of asphalt-bound mixtures. Aggregate type and gradation, 
loading magnitudes and patterns, asphalt types and viscosity, are known to affect the 
stability of an asphalt mixture. Table 1 lists some of these factors. 
In recent years, considerable interest bas been given to gradations and their 
effects on stability. In particular, big stone mixtures (top aggregate sizes are greater 
than 1.0 inch) have shown some potential for higher stability and less rutting. In 
addition, many researchers and practitioners indicate the mastic portion of a mixture 
(smaller than 3/8-inch) has a great effect on the behavior of the mixture. Consequently, 
it was decided to conduct this study in two phases. The first phase would be a laboratory 
study of large stone mixtures and the mastic phase of mixtures. In the laboratory phase, 
Marshall stability teses would be performed on various gradations of large stone 
mixtures, and on various gradations of mastic mixtures. Those gradations would then 
be tested for rutting characteristics by performing either static creep tests or repeated­
load tests. Comparisons would be made between all the results, and conclusions made 
concerning which mixture or mixtures exhibited less rutting behavior. Some of the 
factors included for investigation in this study are indicated in Table 1. The second 
phase would be a stability and rutting analysis of in-service pavements. In this phase, 
cores would be obtained from in-service pavements. These cores would be tested in a 
Marshall testing machine to obtain a stability value, and repeated-load tests would also 
be performed on the cores to determine the rutting characteristics of the in-service 
pavement. Attempts will be made to develop a correlation between the stability value 
and rutting characteristics. Additionally a number of in-service pavements would be 
monitored for increase in rutting for a number of years. Although many of the 
parameters that control rutting would vary widely from project to project, this would 
help to determine if in-service pavements accumulate rutting at widely varying rates or 
if all pavements accumulate rutting in similar rates regardless of traffic patterns, 
enviorment, and etc. Appendix A is an abbreviated flowchart of the work plan for this 
study. 
BACKGROUND 
Various studies have been done on the factors influencing bituminous materials 
and mixtures. Basin and Saunier (1), in their research on the influence of the void 
content of the mixture have concluded that compaction of the mixture bas a big influence 
on performance. 'lbey also noted that an increase in void content of the mixture 
decreases the stiffness modulus and shortens the life of the pavement. Other researchers 
aucb as Pell and Taylor (2), Epps and Monismith (8) have indicated that void structure 
aucb as size, shape, and d egree of interconnection have an important effect on mixture 
performance. 
Experience bas also shown that type and grading of aggregate can affect the 
optimum asphalt content (4). Some researchers indicated the asphalt content required 
for maximum mixture stiffness is usually close to the asphalt content for optimum fatigue 
performance (1). 
Machemchl and Kennedy (5) reported the optimum asphalt content for permanent 
d eformation (rutting and shoving) was slightly less than the optimum asphalt content for 
fatigue. It bas also been noted by some researchers that the type of asphalt affects 
rutting. Allen (6, 7) reported an extensive laboratory study on the permanent deformation 
characteristics of an asphaltic concrete containing a crushed limestone aggregate. This 
study concluded (for the particular material under investigation) that a mixture 
containing an AC-10 asphalt cement would have approximately six times more rutting 
than a mixture containing an AC-20 asphalt cement, at 70"F. 
Round, smooth textured aggregates usually produce mixtures having lower 
stability than mixtures with angular aggregate having rough textures. Button and Epps 
(8) reported similar results in their summary of mixture characteristics and construction 
procedures that contributed to tender mixtures. 
BIG STONE MIXTURES 
Aggregates 
Initially, 12 gradations were considered for testing. Those gradations were 
d esignated as Mixture 1, Mixture 1a through Mixture 6, and Mixture 6a. Gradations 
identified by only a numerical value were made with Plum Run sand. Gradations 
identified by the letter "a" were made with Kenmore sand. Gradations for the 12 
mixtures are shown in Table 3. Each Gradation was made by blending two or three 
coarse aggregates and one sand. The blended proportions for each gradation are listed 
in Table 4. 
All laboratory gradations could be identified as a Kentucky Class K base material. 
The specification limits for a Class K base are coarser than for a Kentucky Class I base. 
The Class I base is the "normal" base material used by the paving industry in Kentucky. 
The specification limits for both classes are compared in Figure 1. 
After d iscussions with representatives of the asphalt industry and personnel of the 
Kentucky Department of High ways, it was concluded that many of the 12 gradations 
were so similar that it might be difficult to distinguish between their behavior. 
Therefore, it was d ecided to test only Mixture 1, 1a, 2a, and 5a. Gradations of those 
I 
mixtures are shown in Figure 2. It was concluded by all industry and state personnel 
that these four mixtures would most likely yield the greatest amount of behavioral 
information from laboratory tests. 
The coarse aggregates used in this study were from Plum Run, Ohio. All were 
crushed limestone from the same quarry. Three coarse aggregate gradations (No.4, 56, 
78) were blended to obtain the coarse fraction of the various gradations tested. The 
average gradations for these aggregates were supplied by the quarry and are listed in 
Table 2. The coarse aggregate gradations listed are based on a dry sieve analysis. 
Two sand fractions were used in the mixtures. The first was a washed block 
(natural) sand from Plum Run, Ohio. The gradation is based on a dry sieve analysis and 
is listed in Table 2. The second sand used in the study was a crushed limestone sand 
from Kenmore, Kentucky. The wet sieve analysis of that sand is shown in Table 2. 
Marshall MD Design 
Because of the large aggregate size, 6-inch Marshall Specimens were compacted 
using a 22.5-pound Marshall hammer. Based partially upon work conducted by the 
Pennsylvania Department of Transportation (9), the target height of the specimens was 
8.75 inches. The ratio of volumes between the 6-inch specimens and conventional 4-inch 
specimens (2.5 inches in height) is approximately 8.37. Based upon that volume ratio, 
and using the 22.5 pound hammer, the compactive energy for the 6-inch specimen would 
be 112 blows per side, per specimen. This is equivalent to a 75-blow mix using the 4-inch 
specimen. 
Gradation 5a was tested initially in an effort to obtain high stability. The first 
specimen was compacted using 135 blows per side. This is equivalent to 88 blows per 
side for a 4-inch specimen. That compaction resulted in a high density (approximately 
150 pounds per cubic foot) and a low void content. In addition, considerable particle 
crushing occurred; therefore, all remaining specimens were compacted using 112 blows 
per side. The Marshall Mix design results at optimum asphalt are summarized in Table 
8 for all test gradations. Maximum stability was the criterion used to determine the 
optimum asphalt content. Mixture la had the highest percentage of air voids of the three 
mixtures that contained Kenmore sand (Mixtures la, 2a, and 5a). From conversations 
with industry personnel, it was decided that some air voids were necessary to help 
prevent shear flow in an asphaltic mixture. Therefore, Mixture la was chosen to be 
tested, because it bad high stability, relatively low flow, and one of the highest amounts 
of air voids. 
Equipment to perform Marshall compaction studies on 6-inch specimens is not 
readily available. In addition, the amount of material and effort to compact 6-inch 
specimens is considerably greater than for 4-inch specimens. Therefore an attempt was 
made To develop a correlation between 4-inch and 6-inch Marshall specimens for Mixture 
la, using the U.S. Army Corps of Engineers' Method of Marshall Mix design for large 
stone mixtures. If a correlation could be made between the two methods, or if there was 
no significant difference in the results of the two methods then the 4-inch specimens 
could be used in the rest of the study. 
In the Corps of Engineers' method, all aggregate particles greater than one inch 
---�Ur-size-ar�ealped-ofl'-and--the-weight--of-mateFial--scalped-Ofl"-is-1-eplaeed-With materiall----.--­
greater than 3/4 inch but smaller than one inch. The Corps of Engineers' Method was 
used for both the 6-inch and 4-ineh mold. The results are listed in Table 5. 
Stability for the test performed using the 6-inch mold, Corps ofEngineers' Method, 
Mixture 1a, was 18 percent less than the normal method, Mixture 1a. The density, flow, 
and air voids were essentially the same for the two methods. However, the voids in the 
mineral aggregate (VMA) was 0.9 percent higher in the Corps of Engineers' Method. 
Stability from the 4-inch mold, Corps of Engineers' Method Mixture 1a, was 43 percent 
less than using the 6-inch mold, normal method. The density dropped by two pounds to 
145.3 pounds per cubic foot. The VMA increased 1. 7 percent and the air voids decreased 
0.1 percent. Research personnel concluded that there were significant differences in the 
two methods. Consequently; it was decided not to use the Corps of Engineers' method 
in this study. 
Creep Unconfined Compression. and Re silient Modulus Tests 
A number of laboratory tests were performed to quantify the mechanistic behavior 
of Mixture 1a. The Asphalt Institute (TAl) at College Park, Maryland and Chevron 
U.S.A. , Inc., Richmond Research Center, Richmond, California participated with this 
agency in that testing program. Test aggregates were shipped to both agencies. Chevron 
investigators compacted specimens that were 6 inches in diameter and 3.75 inches in 
height. Chevron personnel performed the indirect, splitting tensile test on the specimens 
to determine the resilient modulus. A summary of their testing conditions and results 
is given in Table 6. This table shows a resilient modulus that is higher than numbers 
that are normally reported for finer base mixtures. As expected, the resilient modulus 
was highly temperature and stress dependent. 
The effects of compaction method on the basic properties, strength, and creep 
modulus was determined by The Aspahlt Institute (TAl). TAl tested laboratory 
compacted specimens that were 6 inches in diameter and 6 inches in height. Three 
methods of compaction were used for three asphalt contents. TAl investigators 
performed unconfined compression tests at 77"F and creep tests at 104"F. Table 7 is a 
summary of their compaction methods, tests conditions and results. In general, 
unconfined compression strength was lowest for the vibratory compacted specimens and 
highest for the Marshall specimens. However, creep modulus was highest for the 
vibratory comapcted specimens, and lowest for the kneading compacted specimens. 
The rutting potential for the test mixtures was determined by static creep tests. 
This agency performed 18 creep tests. Ten tests were performed on Mixture la. Eight 
of the creep tests on Mixture 1a were compacted using an AC-20 asphalt cement . . To 
determine the effects of a stiffer asphalt cement, one creep test specimen was compacted 
using an AC-40 asphalt cement. State personnel were also interested in determining the 
effectiveness of an asphalt modifier. Therefore, one creep test on Mixture la was 
compacted using an asphalt modifier (to be described later). Also, to compare the 
laboratory rutting behavior of Mixture la with a Class I laboratory mixture, four creep 
tests were performed on a Class I base. Also, the rutting potential of Mixture la was 
eomapred with the rutting potential of a different large stone mixture that was placed 
on KY 3227 in Pike County. This project was the first site in Kentucky where a large 
atone mixture was used. Four creep tests were performed on cores from this in-service 
pavement, and the results were compared with the rutting behavior of Mixture 1a. The 
gradations of the Class I base and the pavement cores are shown in Table 8. Table 9 
liats a .ummary of all creep tests results. 
All creep tests were performed at a temperature of approz:imately 104"F. Six tests 
were performed on Mixture 1a at a static stress of 29 pounds per square inch and four 
tests were performed at 80 pounds per square inch. One test was attempted at 150 
pounds per square inch; however, this load broke the equipment. All remaining creep 
tests were performed at a stress of 29 pounds per square inch. 
Table 10 is a tabulation of values of creep modulus obtained from Sample 1 
(Mixture 1a) and values obtained by TAl under the same test conditions. In addition, 
creep modulus values from a Class I base used on KY 627 in Clark County, Kentucky are 
compared in the same table. The gradation for this material is listed in Table 8. Tests 
on the material from KY 627 were performed approximately 12 years earlier under a 
different study. The modulus values for Mixture 1a obtained by the two testing agencies 
compare quite well. The Class I base from KY 627 yielded considerably lower values 
than Mixture 1a. 
Figure 3 is a summary of the permanent deformation data (rutting potential) from 
all creep tests performed by this agency at a stress level of 29 pounds per square inch. 
It should be noted that higher values of strain indicate a greater potential for rutting. 
Also, near the end of some of the creep tests, the creep curve "broke" and the strain 
began to increase sharply. This behavior is an indication of brittle failure. The average 
permanent strain for the big stone mixture (Mixture 1a) at 1,000 seconds of elapsed 
loading time is approximately 56 percent of that of the Class I base. The permanent 
strain for the big stone mixture was only 11 percent of the value obtained from the Class 
I base used on KY 627, at 1,000 seconds of elapsed time. The curve in Figure 3 
representing the big stone mixture bends upward more sharply (from 1,000 seconds to 
4,000 seconds) than the curve representing the Class I base. This indicates the big stone 
mixture is somewhat more brittle than the Class I mixture. 
Laboratory compacted Samples 9, 12, 15 and 16 were made with an asphalt 
cement from the same source (Ashland Oil Company, Ashland, Kentucky) as Samples 1 
through 8; however, the two cements were from different batches. Viscosities were 
determined from both asphalt cements using a Brookfield cone-plate viscometer. The 
first asphalt cement (Samples 1 through 8) bad an average viscosity of 1,400 poises at 
140"F. The second asphalt cement had an average viscosity of 1,990 poises at the same 
temperature. The higher viscosity of the second asphalt cement would appear to make 
the Class I base behave more like the big stone mixture. In actuality, if the same 
asphalt cement had been used for both mixtures, there would have been an even greater 
difference between the rutting potential of the two mixtures. 
Laboratory Sample No. 17 (Mixture la) was compacted using an AC-40 grade 
asphalt cement. The viscosity of the asphalt cement at 140"F was 4,100 poises. Figure 
14 shows the permanent strain curve for this test. In the early portion of the test. the 
strain values for the AC-40 test were approximately 11 percent less than for Mixture la 
using an AC-20 asphalt cement. However, the AC-40 specimen failed much more quickly 
in a very brittle mode of failure. 
Sample No. 18 was Mixture 1a compacted using an AC-20 grade asphalt cement 
modified, 6 percent by weight, with a polymer d esignated as Kraton D4460X. The 
polymer was manufactured by the Shell Oil Company. The viscosity of the modified AC· 
20 was very high at 9,340 poises at 140"F. The permanent deformation curve for this 
material is shown in Figure 8. The response of the material was very flat Oow rutting 
potential). At Jess than 4,000 seconds of loading time, the permanent deformation was 
greater than for the unmodified AC-20 samples. However, at loading times greater than 
4,000 seconds (up to 9,000 seconds) the modified AC-20 performed better. The sample 
would have taken considerably more strain before failure. 
Results of creep tests on pavement cores from the big stone project in Pike County, 
Kentucky are also shown in Figure 8. The permanent strain values are similar to those 
exhibited by the Class I base Oaboratory compacted specimens) used on KY 627. 
Pavement cores usually exhibit higher strain values than laboratory compacted 
specimens because the methods of compaction differ between the field and laboratory. 
Therefore, it is not unexpected that the pavement cores composed of a big stone mixture 
would yield higher strain values than the laboratory compacted big stone mixture 
(Mixture 1a). 
Figure 4 shows the permanent strain as a function of loading time for the creep 
tests performed on Mixture 1a at a stress of 80 pounds per square inch. These results 
are compared with permanent strain obtained from tests on the Class I base used on KY 
627. The strain values from the Class I base are in the range of 2 to 2.5 times greater 
than the strain values from Mixture 1a (at loading times less than 60 seconds). Mixture 
1a curves bend upward more quickly than the Class I base curve. Again, this indicates 
Mixture 1a is less susceptible to rutting, but it is somewhat more brittle than the Class 
I base. 
MASTIC MIXTURE 
Aggregates 
A summary of the test variables used in the mastic portion of this study is shown 
in Table 11. As indicated in this table, two aggregate types (natural sand and limestone 
sand), two aggregate gradations, and two grades of asphalt <AC-20 and AC-40) were used 
in the testing program. Figure 5 shows the gradations tested in the mastic portion in 
this study. These are also listed in Table 12. It should be noted the 100 percent sand 
and the 100 percent limestone gradations are identical, with 100 percent of the particles 
passing the 3/8-inch sieve and 10 percent passing the No. 200 sieve. The natural sand 
and limestone blend (80 percent limestone, 20 percent sandstone) does not have the same 
gradation as the 100 percent sand and 100 percent limestone because blending in this 
proportion did not permit the same amount ortines without crushing some of the natural ----lllla!lln:udLgrains It was assumed that crushing the grains would alter their behavior and 
would affect the results. Therefore, the gradation was mixed as close as possible to the 
100 percent gradations without crushing the natural sand. The specific gravities of 
limestone and sandstone are listed in Table 13. 
Marshall Mix-Designs 
The Marshall Method of mix design (ASTM designated D 1559) was used to find 
the optimum asphalt content of the 100-percent natural sand, 100-percent limestone 
sand, and the SO-percent limestone sand • 20-percent natural sand mixtures. Two 
compactive efforts were used (75 blows and 50 blows). The 75-blow compactive effort was 
used to attempt to simulate heavy traffic loadings, and to determine if heavier loading 
would significantly alter the behavior of the mastic portion of a mixture. Marshall 
specimens were compacted at 4, 6, 8, and 10 percent asphalt cement, by weight. Table 
14 summarizes the Marshall results for the specimens compacted at 50 blows. Table 15 
summarizes the results of the 75 blow specimens. 
Because the major objective of the study was to determine the parameters that 
influence stability of asphaltic mixtures, maximum stability was used to determine the 
optimum asphalt content. Limestone mixtures used in this study (with AC-20 asphalt 
cement) had lower optimum asphalt contents than mixtures containing natural sand (see 
Tables 14 and 15). For instance, Mixture A (100% limestone aggregate, AC-20) had an 
optimum asphalt content that was 8.6 percent lower than Mixture B (100% natural sand 
aggregate, AC-20), at 50 blows of compaction. Also, Mixture D (combination of 80% 
limestone and 20% sandstone aggregate, AC-20) has higher optimum asphalt content 
than Mixture A. The difference between Mixture A and Mixture D may not be 
statistically significant; however, it does indicate a behavioral difference. This same 
relationship holds true for 75 blow compaction. Mixtures with limestone aggregate tend 
to have higher maximum unit weight when compared to mixtures with natural sand 
aggregates (Figures 6 and 7). Results show mixtures which include limestone aggregates 
tend to have significantly higher Marshall stability when compared to mixtures with 
natural sand (Figures 8 and 9). It should be emphasized that maximum unit weight and 
maximum stability do not necessarily occur at the same asphalt content. Again, because 
the parameter of interest in this study is stability, compaction and testing were 
performed at the asphalt content that produced the highest stability. 
Mixtures with limestone aggregate tend to have lower percent of air voids than 
mixtures with natural sand (Figures 10 and 11). It should be noted that the percent air 
voids in some of the mixtures tends to go negative at high percentage of asphalt in the 
mixture. The phenomenon can be seen in mixtures with 100% natural sand aggregate 
and the combination of 80% limestone- and 20% natural sand aggregate. The manual 
MS-2 published by the Asphalt Institute states the reason for this is oft.en due to a Joss 
- of asphalt by absorption in the aggregate particles and/or by error due to inaccuracy in 
determination of the specific gravity of the mixture. This can induce as much as 0.8 
percent error in the air voids value. 
Figures 12 and 13 show the percent voids in the mineral aggregate (VMA) for the 
50-blow and 75-blow specimens, respectively. These two figures indicate the minimum 
VMA occur in the vicinity of the optimum asphalt content. The VMA in the 100 percent 
limestone mixtures is more sensitive to the asphalt content than in the sand mixtures. 
Figures 14 and 15 show the flow values. As would be expected, flow increases as asphalt 
content increases. 'fhis-indieates1'low-is-uot-a-good-indicator-ol'-atabili.w.----------+ 
Results of Repeated Load Tests 
Repeated-load tests were performed on the mastic mixtures. The tests were 
performed unconfined in a temperature controlled chamber. A dynamic triaxial machine 
manufactured by Structural Behavior Engineering Labboratories was used to load the 
specimens. The specimens were loaded at a stress level of 80 pounds per square inch. 
The specimen was loaded for one second, and a rest period of one second was permitted 
between each cycle. Attempts were made to load each specimen for 1000 cycles; however, 
some specimens failed before that number was reached. The specimens were 
temperature conditioned for 24 hours before running the tests at 77"F. The load was 
monitored by an electronic load transducer, and deflections were monitored by LVDTs. 
In all repeated-load test data, the control was mixture A (100% limestone 
aggregate, AC-20). Mixture A was used as the control because previous research (8) has 
indicated that angular, manufactured sands have higher stability than smooth, rounded 
natural sands. 
Five repeated-load samples (4" in height x 2" in diameter) of each mixture 
compacted were based on the maximum stability at the optimum asphalt content 
obtained from the Marshall test (see Tables 14 and 15). The compactive effort used was 
based on energy equivalent to the 50-blow and the 75-blow Marshall test. The unit 
weights of these specimens are listed in Table 16. 
Although unit weight was not used as a control, a statistical (T-test) analysis was 
performed on the average unit weights in Table 16. The unit weights reported in Table 
16 vary from those reported in Tables 15 and 16 because compactive energy was used as 
a control and not unit weight. The control mixture had the highest average unit weight 
(Table 16). In Table 17, it appears the differences between the unit weight for the 
control mixture (Mixture A) and the other mixtures are statistically significant except for 
Mixture B (for 50 blows of compaction). (A value, of P greater than 0.05 in Table 17 is 
not considered statistically significant). There was a significant difference between 
Mixture A (control) and all of the other mixtures, at 75 blows of compaction. 
Mixture A (control mix, 100% limestone AC-20) at 50 blows of compaction bad a 
higher average resilient modulus than the other mixtures (Tables 18 and 19). (The word 
"VOID" in the tables of this report indicate an experimental problem such as equipment 
failure during the test or technician error. Also, a Marshall mix analysis was performed 
on Mixture F, but no further testing was performed on the mixture because of a shrotage 
of the natural sand.) The only significant difference in resilient modulus occurred 
between Mixture A (control) and Mixture D, for 50 blows of compaction. At 75 blows of 
compaction, the only significant difference in average resilient modulus occurred between 
Mixture A and Mixture C. 
In general, mixtures with limestone have the lowest average permanent 
-----.:�a'"ef'i'fo'"'rm"""a�ti:,.;on;..a*t_,l00,-266, -and--400-eycJeiHit'-loading-{'l'-ables-20-through-22)�P-emumen�-------..--­
deformation or strain is the deformation that does not,recover or rebound aft.er the load 
is removed at the end of each load cycle. In general, the control mixture performs with 
Jess permanent strain than the other mixtures. However, e:umination of Tables 23 
through 25 indicates as the number of load cycles increases there is greater significance 
in the differences in behavior between the control mixture and the other mixtures for the 
50-blow compactive effort. (Again, the value of P in those tables must be less than 0.05 
to be considered statistically significant.) It should be noted that for the 50-blow 
mixtures, as the number of load cycles increases the value of P decreases, and in some 
cases, decreases below the value of 0.05. This does not hold true for the 75-blow 
mixtures. At 400 cycles, Mixture A (control) exhibited proportionately more permanent 
deformation than at 100 and 200 cycles. This indicates that at higher loading stresses 
the behavior of the control mixture does not resist rutting as well as at lower stresses. 
Results of Mastic on Class I Base 
To check the behavior of the mastic in a Class I base, two specimens were 
compacted and tested in the laboratory. A gradation was chosen that was in the "center" 
of the Class I gradation band shown in Figure 1. In one specimen, the mastic portion 
was 100 percent natural sand, and in the second specimen the mastic was 100 percent 
manufactured limestone sand. 
The samples were compacted using Marshall mix design data to determine the 
optimum asphalt content for each mixture (optimum asphalt contents were 5.3 and 5.7 
percent for the limestone sand mixture and the natural sand mixture, respectively). The 
specimens were compacted using an equivalent 50-blow Marshall compactive effort. The 
specimens were 8.0 inches in height and 4.0 inches in diameter. 
Except for specimen size, the repeated-load tests performed on the Class I base 
specimens were identical to those performed on the mastic mixtures. 
The resilient modulus for the two specimens was 375,000 pounds per square inch 
for the limestone mastic mixture, and 243,000 pounds per square inch for the natural 
sand mastic mixture. The natural sand specimen yielded only 65 percent as much 
strength as the limestone specimen, when using resilient modulus as the criterion. 
The limestone mastic specimen exhibited only 73 percent of the permanent 
deformation (rutting potential) of the natural sand specimen. 
ANALYSIS OF FIELD DATA 
Pavement Cores 
Cores were obtained from 20 in-service pavements scattered throughout the state. 
Marshall stability and resilient modulus tests were performed on a small number of these 
cores. The cores were normally obtained by construction personnel for the purpose of 
venfying thickness. Therefore, it was dilficult, 1n most cases, to correlate ananna�tw�o-----­
cores immediately adjacent to each other so that the resilient modulus test and the 
Marshall test could be performed on cores from the same area. This severely limited the 
DUmber of tests. 
. 
Comparison of resilient modulus with Marshall stability showed no correlation. 
It has been suggested by some practitioners that a relationship may exist between the 
leading edge or the flow-stability curve of the Marshall tests and the resilient modulus. 
This has been defined as line A in Figure 16. This line is plotted on a log-log plot as 
illustrated in Figure 17. The logarithmic slope of that line is determined and is 
compared to the resilient modulus as shown in Figure 18. There is no correlation 
between those two parameters (R2=0.024). Resilient modulus is plotted as a function of 
rutting strain at 1000 cycles of loading in Figure 19. There is a general trend of 
decreasing modulus with increasing rutting strain. However, the data scatter is so great 
that a definitive correlation cannot be made <R2=0.055). Figure 20 compares rutting 
strain at 1000 cycles of loading with Marshall flow. Again, there is no correlation 
(R2=0.0009). Resilient modulus is plotted as a function of density in Figure 21. There 
appears to be a trend indicating an increase in resilient modulus with increasing density; 
however, the correlation is very poor (R2=0.250). 
Pavement Rutting Measurements 
Four field projects were chosen to be monitored for rutting over the life of this 
study. In the first two cases, the contractor was having difficulty in obtaining density 
(tender mix). In the third project, the mixture had been in service for approximately one 
year and there was some concern by state personnel that the.asphalt overlay was rutting 
at an accelerated rate. The three projects were as follows: 
1. Interstate 75, Grant County, MP 143 to MP 154, 
2. Interstate 71, Boone County, 
3. Interstate 64, Rowan-Carter Counties, 
MP 146 to MP 180. 
The fourth project was chosen because it was considered a "normal" project. The 
asphalt showed no unusual amount of rutting in the laboratory, and there were no 
unusual problems with laying the asphalt in the field. Consequently, it was decided to 
use this project as a "control" section. This project is KY 627 in Clark County from the 
Winchester city limits to the Madison County line. 
It is recognized that this is not a well designed experiment. All of the controlling 
variables at each site are different. Traffic, environment, design thickness, and materials 
are not equivalent from site to site. However, it was thought that some information 
·could be gained by observing the rate of 
accumulation of rutting at the various sites, and it was thought that the possibility 
existed the mixtures that exhibited problems during construction might accumulate 
rutting more quickly. 
One set of rutting measurements were made annually at the sites from 1984 to 
1989. Figure 22 shows the results of these measurements. 'Ibe rate of accumulation of 
-----.rutting is actually-less--in--the-%bnormal"--miBuJ"es--(l-'7�-t-71, md 1-64) tbm--in-the'-----­
"normal" mixture (KY 627). 'Ibe average annual rate of rutting for each project is as 
follows: 
Interstate 64 ,. 0.0146 inch/year, 
Interstate 71 = 0.0238 inch/year, 
Interstate 75 = 0.0207 inch/year, 
KY 627 = 0.0304 inch/year. 
It should be noted that KY 627 had been in service for approximately eight years 
before the first rutting measurement was recorded. 'Ihe other projects were measured 
approximately one year after they were overlaid. It is probable that KY 627 is in a more 
advanced stage of failure than the other projects, and the rutting strains are now 
accumulating more rapidly in the older project. 
However, it appears one major conclusion may be drawn from these rutting 
measurements. Rutting measurements on a newly mixed and uncured specimen are not 
necessarily indicative of that asphalt mixture's behavior in the field after it is cured. It 
appears that rutting measurements on cured pavement cores would provide a better 
indicator of rutting behavior. 
CONCLUSIONS AND RECOMMENDATIONS 
Big Stone Mixtures 
It is concluded the big stone mixture (Mix 11) is considerably less susceptible to 
rutting than a Class I base. Based upon results of this study, it is recommended that 
Mix la be used for locations where heavy loads and high tire pressures might produce 
rutting in a Class I base. Mix la or a similar big stone gradation would be expected to 
reduce the potential for rutting. 
Using an AC-40 grade asphalt cement is not recommended for use with the big 
stone mixture. It did not significantly reduce strains in short loading times, and in fact, 
failed much more quickly than the specimens containing AC-20 grade asphalt cement. 
However, it should be noted this conclusion is based upon results of only one test. It is 
recommended that more testing of this material be performed. 
Based upon the results of only one test, the specimen compacted using the polymer 
modified AC-20 performed considerably better than the unmodified AC-20 at load times 
greater than 4,000 seconds. From these results, it is recommended that a polymer 
. modified AC-20 asphalt be used in conjunction with a big stone mixture on a paving 
project that will be subject to heavy wheel loads. 
Mastic Mixtures 
'Ibe following general conclusions may be made about mastic mixtures with 
limestone sands (compacted at optimum asphalt content as determined by maximum 
stability): 
-lower optimum asphalt content, 
-lower air voids, 
-higher unit weight, and 
-higher stability. 
Mastic mixtures with limestone sands generally have a higher resilient modulus. 
Mastic mixtures with limestone sands generally have lower average permanent 
deformation Oess rutting potential) than mixtures with natural sands. 
It is recommended that the amount of natural sands be keep to a minimum in 
asphalt mixtures. 
Field Data 
There appears to be no correlation between stability and resilient modulus when 
testing field cores. 
There is a general trend or increasing resilient modulus with increasing density. 
There is only a general trend of decreasing resilient modulus with increasing 
permanent strain. 
There was no correlation between permanent strain and Marshall flow. 
It is concluded that the Marshall test is not a good indicator of rutting behavior 
or resilient strength. 
It appears that rutting tests on cured pavement cores are a better indicator of a 
mixture behavior in the field than rutting tests on a newly compacted laboratory 
specimen. 
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�able 1 .  Laboratory Test Variables Affecting Permanent Deformation 
-----------------------------------------------------------------------------
Load Variables Mixtures and 
Specimen Variable 
Environmental 
Variables 
----------------------------------------------------------------------------
A. Pattern.of Stressing A. Asphalt A. Temperature 
B. Stress Level (*I l. Type (*I B. Moisture 
c. 'l'est Method 2 .  Harclness (*I c. Aging of 
1. Marshall Mix Design (*I B .  Aggregates Nature 
1 . 1  Compaction (*I 1 .  Types (*I 
2. Repeated Load Test (*) 2 .  Gradation (*I 
D. Mode of Stresdng c. Specimen 
Dynamic Loading (*I l. Stiffness (*I 
2 .  Air Voids Content (*I 
D. Asphalt Content 
(*I Variables considered in this investigation. 
TABLE 2 .  SUMMARY OF AGGREGATE GRADATIONS 
------------------------------------------------------------
PERCENT PASSING 
-------------------------- ---- --------------------
SIEVE N0 . 4  N0. 56 
2•• 1 0 0  
1 1 / 2  .. 95 1 0 0  
1•• 2 6  87 
3 / 4  .. 9 61 
1 / 2  .. 2 25 
3 / 8  .. 1 7 
4 3 
8 
16 
3 0  
so 
1 0 0  
2 0 0  
N0 . 78 
1 0 0  
94 
70 
11 
3 
PLUM RUN 
SAND 
100 
88 
58 
34 
19 
8 
4 
*KENMORE 
SAND 
92 
72 
52 
44 
36 
25 
16 
--------------------------- ---------------------------------
* Wet-Sieve Analysis 
Tl\Bt£ 3 .  G�l\01\TlONS OF tl\BORI\to�Y MIXTURES 
••••••••••••z••••••••••••=•••••===z•••••••••••••••••=•••••••••••••••••••••••--••--•• 
PERCENT Pl\SS1NG 
-----------------------------------------------------------------------------
StEVE 1 1 a  2 2a 3 3a 4 4 a  5 Sa 6 6a 
------------------------------------------------------------------------------------
2 "  100 100 100 100 100 100 100 100 100 100 -- 100 
1 1/2" 99 99 99 99 100 100 100 100 100 100 -- 100 
1 "  17 11 81 81 94 94 95 95 95 95 -- 95 
3 / 4 "  65 65 70 70 82 82 86 86 86 8 6  -- 86 
1/2" 54 54 57 57 62 62 73 13 72 72 -- 12 
3/8" 44 4 4  4 6  4 6  4 8  4 8  6 1  6 1  5 8  5 8  -- 59 
4 29 27 33 31 34 32 4 4  4 1  3 5  33 - - 36 
8 23 19 27 23 27 2 3  3 6  30 21 2 3  -- 26 
1 6  1 5  13 1 1 16 17 1 6  2 3  2 1  1 7  1 6  -- 18 
30 9 1 1  1 0  13 10 13 1 4  18 10 13 -- 1 5  
50 5 9 6 1 1  6 10 8 14 6 10 - - 13 
100 2 6 2 . 4  1 . 5  2 . 4  7 . 5  3 . 2  10 2 . 4  1 . 5  -- 8 . 8  
200 1 4 1 . 2  4 . 8  1 . 2 4 . 8 1 . 6  6 . 4  1 . 2 4 . 8  -- 5 . 6  
------------------------------------------------------------------------------------
Tl\BLE 4 .  l\GGREGIITE BLENDS USED TO MilKE Ll\BORI\TORY GRADATIONS 
•••••••••••••••••••••c••z••=•••••••�=•c��=••==•=••••••••••=••••••••••--•••••••••••••••••----
AGGREGATE 
IDENTIFICATION 
No. 4 
No. 56 
No. 7 8  
Plum Run 
Sand 
kenmore 
Sand 
1 
30 
20 
25 
25 
- -
PERCENT IBY WEIGHT) OF EACH AGGREGATE TYPE USED IN GRADATION 
la 2 2a 3 3a 4 4a 5 Sa 6 
30 20 20 
20 30 30 50 50 35 35 35 35 
25 20 2 0  2 0  20 25 25 35 35 
- - 30 -- 30 -- 4 0  - - 30 
25 - - 30 - - 30 - - 40 - - 30 
6a 
35 
30 
35 
' 
I I 
'!'ABLE S .  SUMMARY OF MARSHALL MIX DESIGN RESULTS 
--------------------------------�------------- ------- ------
MAXIMUM MAXIMUM MAXIMUM VOIDS IN 
STABILITY UNIT WEIGHT SPECIFIC FLOW AGGREGATE AIR VOIDS 
MIX NO. (pounds) (lb/ft1) GRAVITY ( 0 . 01 in. ) (percent) (percent ) 
----------------------------- --------------------- --------------- ---------- - ----
1 5 , 1 0 0  14 5 . 9  2 . 524 22 . 0  12 . 6  
1a 5 , 0 0 0  147 . 3  2 . 521 2 0 . 5  11 . 5  
2• 5 , 2 0 0  147 . 6  2 . 530 2 6 . 5  12 . 2  
Sa 4 , 5 0 0  1 47 . 8  2 . 541 2 3 . 0  1 4 . 5  
'*1a 4 , 1 0 0  147 . 4  2 . 52 1  2 0 . 0  12 . 4  
*"'1a 2 , 8 5 0  14 5 . 3  2 . 51 8  1 4 . 0  1 3 . 2  
• U. S .  Army Corps o f  Engineers ' method, 6-inch mold, 1 1 2  blows 
** u . s .  Army Corps of Engineers ' method, 4-inch mold, 1 1 2  blows 
TABLE 6 .  SUMMARY OF RESILIEllT HO:l\iLUS TESTS 
PERFORMED BY CHEVRON 
--------------------------------------------
Tetri>erature Stress Resilient Modulus 
('F) (p3 i )  (psi) 
- - ---- --- ---- ----- --- -- - - - - - - ------ ---------
7 6  2 9  1 , 05 0 , 000 
7 6  29 82 8 , 000 
7 6  29 1 , 04 0 , 000 
7 6  2 9  9 1 7 , 000 
76 29 8 9 9 , 000 
7 6  2 9  992 , 000 
7 6  29 922 , 000 
1 0 4  2 9  172 , 000 
1 04 2 9  2 1 9 , 0 0 0  
104 29 1 8 8 , 000 
1 04 e o  4 4 , 2 0 0  
104 8 0  63 , 0 00 
1 0 4 8 0  4 9 , 000 
1 0 4  8 0  8 7 , 4 0 0  
------- ----- -- -- -- - --- - - - --- ----------------
5 . 0  
4 . 7  
4 . 3  
4 . 0  
4 . 3  
4 . 5  
TABLE 7 .  EFFECT OF COMPACTION TYPE AND ASPHALT CONTENT ON CREEP MODULUS AND 
UNCONFINED COMPRESSIVE STRENGTH (TEST PERFORMED BY THE ASPHALT INSTITUTE) (1) 
------------- ------------------------------------------------------------------------··- =======J==·· 
COMPACTION TYPE RNEAOING VIBRATORY MARSHALL 1 
------------------------------------------------------------------------- --------------------------- ----
Percent A!lphalt 3 . 6  4 . 1  4 . 6  3 . 6 4 . 1  4 . 6  3 . 6  4 . 1  J 4 . 6  
Unit Weight (pcf) 1 4 3 . 2  142 . 7  1 4 3 . 4  1 42 . 5  1 4 3 . 5  14 3 . 1  1 4 3 . 0  142 . 5  i42 . 4  
Percent Air Voids 8 . 7  8 . 4  7 . 2  9 . 2  7 . 9  7 . 4  8 . 8  8 . 5  I 7 . 8  Percent VMA 1 3 . 2  1 3 . 9  14 . 3  1 3 . 3  1 3 . 4  1 4 . 1  13 . 2  1 4 . 0  14 . 5  
Unconfined Compressive 
Strength (psi) (2) 340 320 346 304 289 281 384 387 
Creep Modulus (psi) ( 3 1  
1 min 4 1 , 615 39, 167 63, 625 58, 750 83, 036 130 , 7 81 64 , 625 7 0 , 857 
10 min 2 8 , 612 26, 406 36, 172 23, 605 
60 min 2 0 , 735 2 0 , 531 2 4 .  914 1 8 , 089 
( 1 )  Specimen prepared using Kentucky 1-A aggregate gradation . 
59 , 4 46 1 1 6 , 250 37, 209 4 1 , 823 
37, 366 422 , 348 32 , 31 3  32, 216 
(21 Measured at 77&S ' o . F  temperature using loading rate of 0 . 05 in. /in. of specimen height. 
(3) Measured at 104& S ' o . F  temperature using static load of 29 psi . 
TABLE 8 .  GRADATIONS OF CLASS I BASES AND PAVEMENT 
CORES ON WHICH CREEP TESTS WERE PERFORMED 
=--==•==•=•=•--=cs•••====--==-----===--=•====--------
PERCENT PASSING 
-------------------------------------------
PIKEVILLE CLASS I BASE 
SIEVE PAVEMENT CLASS I BASE (KY 627) 
-----------------------------------------------------
2 "  1 0 0  1 0 0  1 0 0  
1 l/2" 94 1 0 0  1 0 0  
1 "  83 1 00 1 0 0  
3/4" 7 4  92 88 
1 / 2 "  5 9  - - 75 
3/8" 50 62 66 
4 32 46 47 
8 1 9  32 33 
16 12 2 0  2 1  
5 0  6 1 0  8 
100 5 7 5 
200 3 . 5  
-----------------------------------------------------
I 369 
5=· 750 � , 250 
9, 580 
TABLE 9 • SUMMARY OF CREEP TESTS RESULTS PERFORMED BY THIS AGENCY 
.................................................................................. 
SAMPLE STRESS TEMPERATURE TIHE PERMANENT STRAIN 
NO. DESCRIPTION (psi) ("F) tminl (10-'l 
--------------·-------------------------------------------------------------------
1 Big Stone (Mix lal  29 101 100 5 . 6  
2 Big Stone (Mix lal  29 104 100 4 . 1  
3 Big Stone (Mix la)  29 104 100 5 . 8  
4 Big Stone (Mix lal  80 102 l 1 3 . 2  
5 Big Stone (Mix lal 80 lOS l l4 . s  
6 Big Stone (Mix la)  80 104 l l 4  . 4  
7 Big Stone (Mix lal  80 104 l 22 . 3  
8 Big Stone (Mix l a l  150 104 
9 Class I Base 29 102 100 4 . 5  
1 0  Pavement Core No.  4 29 103 10 3 9 . 1  
l l  Pavement Core No . 6B 2 9  103 10 1 2 . 0  
12 Class 1 Base 29 104 300 9 . 3  
13 Pavement Core No. l l  29 104 10 1 5 . 9  
l4 Pavement Core No. 4B 29 105 10 2 3 . 1  
1 5  Class I Base 2 9  104 30 4 . 1 
16 Class I Base 2 9  104 8 . 3  
17 Big Stone (Mix lal  , AC-40 2 9  106 4 0  1 6 . 0  
18 Big Stone (Mix la)  , AC-20S 2 9  104 90 4 . 8 
---------------------------- ------------------------------------------------------
TABLE 1 0 .  COMPARISON OF CREEP MODULUS VALUES 
---------------------------------------------------------------
SAMPLE CREEP MODULUS (psi) 
NUMBER IDENTIFICATION 1 min 1 0  min 60 min 
- - - - - --- - - - - - - - - - - - - -- --- - --- - - - - - - - - - - - - - - - - - - - - - - - - - - ---- - - - -
1 Mix 1A (29 psi )  5 9 , 627 4 8 ,  9 7 9  3 3 , 4 4 9  
Asph. Int. (Mix 1A) 7 0 , 857 4 1 , 823 32 , 2 1 6  
(Marshall ) 
KY 627 4 0 , 0 0 0  2 5 , 0 0 0  1 4 , 0 0 0  
- --- - - - - - - --- - - - - - - --- - - - - - - - - - - --- - - - - - - - - - - - - - - - ----- - - - - - -- -
Tab l e  1 1 .  Test Var i a b l es--Mast i c  M i N tures 
I I I I 
I &gvragato I &apbalt I &epbalt Cootont 1'1 I 
------·------------------------------ ----------------- -·-------..-
100 ' .N.,ur•l S.nO 
100 ' Liaenone 
1 0  ' Liaeotona 
20 ' Nai�o�ra l  Sand 
&C • 10 
&C • &0 
&C • 20 
&C • &0 
&C • 20 
&C • &0 
Tab l e  1 2 .  Grada t i ons of Mas t i c  M i N t ures . 
I 
• - 10 I 
I 
I 
I 
• - lO I 
I 
I 
I 
• - 11 I 
I 
I 
I 
100 ' Natural Sand 10 ' L:l.aaotona 
100 ' L:l.aanona JO ' Natural &and 
l:l.ava l:l.u ' Pul:l.ng ' Pau:Lng ' Pau:Lng 
-----------------------·-----------------------------------------------------
I 
3/1 • I lOG 100 
I 
110 • • I ? 5  - 100 .. 
I 
110. • I II • 100 " 
I 
110. u I u - 10 u 
I 
110. 30 I U • U  .. 
I 
110. 10 I u - &7 33 
I 
110. 100 I 12 • It :u 
I 
110. 200 I I • U 10 
I 
Tab l e  1 3 .  Spec i f i c  Gra v i t i es c f  the L i mest one 
and N a t u r a l  Sand · 
I 
100 
.. 
11 
11 
u 
:u 
12 
' 
I 'YP• of lulk lpac:l.f:l.e Apparent apac:l.f:l.e 
I Aggregate I Grav:l.t:l.ao Grav:l.t:l.aa ·--------------- ----- ------------ ---------------------------- ----I I I 
I I I 
I I I 
I ....... , Bond I a . n  I 
I I I 
I I I 
I I I 
I I I 
a . u  
I L:l.aeatone I 2 . 1111 I 2.,1 
1 ______ , __________ , ___________ _ 
Table 1 4 .  Summary of Marsh¥11 Results (SO-Blow Compaction) 
-----------------------------------------------------------------------------
Mixtuxe 
A 
Mi:•:tu:u: 
8 
Mixture 
c 
Mixture 
D 
Mixture 
E 
Mixture 
F 
--------- -�-----==--------=----=--:----:-:=-----===----==----==----==----=----=----=-----=----=----=--- �� 
Optimum 
asphalt 
Content " )  
Maximum 
unit 
weight (lb/ft') 
Jlaximwn 
stability 
(lb) 
7 . 2 
1 4 8 . 1  
1 9 6 0  
7 . 8  9 . 1  
1 37 . 3  1 42 . 1  
4 8 3  923 
7 . 3  6 . 3  7 . 3  
1 4 1 . 6  1 4 8 . 0  141 . 6  
1203 2350 1230 
-------------------- --------------------------------------------------------Mixture A: AC-2 0 1 0 0 %  Lime 
Mixture B :  AC-20 1 0 0 %  Natural Sand 
Mixture C: AC-40 1 0 0 %  Natural Sand 
Mixture D: AC-20 8 0 %  Limestone, 20'1; Natural Sand 
Mixture E :  AC-40 1 0 0'1; Lime 
Mixture F :  AC-40 e o t  Limestone, 2 0 %  Natural S�nd 
Yable 1 5 .  Summary of Karehall Reaulta ( 7 5-Blow Compaction) 
---·········-·····=·····------···=·====·································· 
Mixture Mixture Mixture Mixture Mixture 
A B C D E 
o;�i;;;------------------------------------------------------------------
asphalt 
content ( ' ) 6 .  2 7 .  5 7 • 5 6 • 2 6 . 1  
Maximum 
unit 
weight ( lb/ft') 1 50 . 3  143 . 3  140 . 3  146 . 8  148 . 0  
Maximum 
stability 
( lb) 2600 1300 1325 2450 2750 
;i;��;;-;�--;�:;o-iooi-Li:;---------------------------------------------
Mixture B :  AC-20 1 00' Natural Sand 
Mixture c :  AC-40 1 0 0' Natural Sand 
Mixture D :  AC-20 8 0 \  Limestone , 2 0\ Natural Sand 
Mixture E1 AC-40 1 00\ Lime 
':!'able 1 6 .  Unit Weight ('UW) 
----------------�------------------------------------------------------------
Numhe1: of S�le Mixture Mixture Mixture Mixture Mixture 
Blows No. A B E 
(pcf) (pcf) (pcf) (pcf) (pcf) 
-----------------------------------------------------------------------------
1 1 4 8 . 2  144 . 5  1 4 1 . 3  144 . 9  1 43 . 8  
2 146 . 4  1 4 6 . 0  1 41 . 4  14 0 . 4  14 5 . 4  
50 3· 146 . 1  142 . ?  14 0 . 9  1 44 . 0  144 . 9  
4 1 4? . 3  145 . 6  1 41 . ?  1 39 . 3  14 5 . 6  
5 VOID 14 6 . 5  1 4 0 . 1  VOID 1 43 . 3  
Average 14? . 0  1 4 5 . 1  141 . 1  142 . 2  1 44 . 6  
1 1 4 9 . 5  141 . ,  1 4 0 . 6  1 39 . 5  14? . 3  
2 1 4 9 . 4  141 . 0  1 4 3 . 0  1 4 0 . 0  148 . 4  
? 5  3 1 4 9 . 1  142 . 3  1 4 1 . 4  VOID 146 . 8  
4 14 9 . 5  141 . 8  1 4 3 . 4  140 . 5  14? . 5  
5 1 4 9 . 1  1 4 1 . 8  142 . 8  145 . 3  14 6 . 5  
Average 14 9 . 3  141 . ;  142 . 2  1 41 . 3  1 4? . 3  
- -------------------------------------------- ----------- - ----------- --------
Mixture A: AC-20 1 0 0 %  Lime 
Mixture B:  AC-20 1 0 0 %  Natural Sand 
Mixture C :  AC-40 1 0 0 %  Natural Sand 
Mixture D :  AC-20 80\ Limestone, 20% Natural Sand 
Mixture E :  AC-4 0  1 00 \  Lime 
':!'able 1? . Summary of Statistical IT-test) Analysis on Unit Weight 
---------------------------------------�-------------------------------------
Number of 
Blows Mixture 
• P - Value for control 
vs . noncontrol mixture 
Average Unit 
Weight (PCF) 
------------------------------------- ----------------------------------------
A 147 . 0  
13 0 . 0605 145 . 1  
5 0  c 0 . 0001 141 . 1  
D 0 . 01 4 5  142 . 2  
E 0 . 0079 144 . 6  
A 149 . 3  
B 0 . 0 001 1 4 1 . ,  
iS c 0 . 0002 142 . 2  
p 0 . 0094 1 41 . 3  
E 0 . 0025 147 . 3  
---------------------------------------- -------------------- - --------------- -
• A significance level of 0 . 05 vas used to decide if the appropriate T-test 
assumes equal variance or not . 
Mixture A :  
Mixture B :  
Mixture C :  
Mixture D :  
Mixture E :  
AC-20 1 0 0 %  Lime 
AC-20 1 0 0 %  Natural Sand 
AC- 4 0  1 0 0 %  Natural Sand 
AC-20 B O %  Limestone, 2 0 %  Natural Sand 
AC-40 1 0 0 \  Lime 
Table 1 8 .  Resilient Modulus (Hastic Mixtures) 
-------------------- -----------------------------------------------
Number of SIUnple Mixture Mixture Mixture xture xtut:e 
Blows No . A B c I) E 
(psi) (psi) (ps i )  (pail (psi) 
------------------------------------------------------------- - ----------------
1 241082 1752 8 8  77567 82303 1 8 04 07 
i 163228 171409 163228 7 0 971 145299 
so 3 139490 133757 1 4 6 8 8 1  8 1 2 8 5  1 8 6273 
4 158914 164575 1 4 6 8 8 1  87212 178695 
5 VOID 122509 127164 VOID 1 55602 
Average 175678 153508 132344 8 0 4 4 3  1 6 9255 
1 2 7 9 652 193804 95601 1 04 4 31 207 661 
2 169 650 178729 122235 245318 392404 
75 3 1 6 8 036 256690 153241 248410 2 64 8 8 1  
4 24 9774 2 R 6126 114094 VOID 245184 
5 158933 270477 9 0 0 6 8  2 64233 2 0 9 87 8  
Average 205209 237165 115048 215598 264002 
- ---- ---------- ---------- ------------------------------- --------------------
Mixture A :  AC-20 1 0 0 %  Lime 
Mixture B :  AC-20 1 0 0 %  llatural Sand 
Mixture C :  AC-4 0  1 0 0 %  Natural Sand 
Mixture D :  AC-20 8 0 %  Limestone, 20% Natural Sand 
Mixture E :  AC-40 1 0 0 %  Lime 
Table 1 9 .  Summary of Statistical IT-test) Analysis on Resilient Modulus 
-----------------------------------------------------------------------------
Number of 
Blows Mixture 
• P - Va lue for control 
v s .  noncontrol mixture 
Average Resilient 
Modulus (psi) 
--------- ---------------------------------------------------- - --- - - ----------
A 175678 
B 0 . 36 8 9  153508 
50 c 0 . 1381 132344 
D 0 . 0231 8 0 4 4 5  
E 0 .  7752 1 6 9255 
A 205209 
B 0 . 3583 237165 
'75 c 0 . 0 1 0 7  115048 
D 0 . 8 1 67 215598 
E 0 . 1 990 2 64002 
--------------- -------------------- -------- - ------------------------------ -�-
• A significant level of 0 . 0 5 was used to decide i f  the appropriate T-test 
assumes equal variance or not . 
Mixture A: AC-20 1 0 0 \  Lime 
Mixture B :  AC-20 1 0 0 %  Natural Sand 
Mixture C :  AC-4 0  1 0 0 %  Natural Sand 
Mixture D :  AC-20 8 0 %  Limestone , 20% Natural Sand 
Mixture E :  AC-4 0  1 0 0 %  Lime 
'J'able 2 0 .  Permanent Deformation at 100 Cycles 
·····························------·-------------·····--------------
tiurnber of Sample Mixture Mixture Mixture Mixture Mixture 
Blow a tio. A ·B c D E 
Un/in) Un/in) Un/in) Un/inl (in/in) 
---- ------------------------------------------------------------------------
1 9 . 6£-3 6 . 7£-3 2 . 4£-2 1 . 2£-2 6 , 5£-3 
2 1 . 2£-2 9 . 7£-3 1 . 8£-2 3 . 2£-3 8 .2£-3 
50 3 8 . 2£-3 l . OE-2 2 . 1£-2 l .  6£-2 5 . 5£-3 
4 8 . 4£-3 7 . 3£-3 l .  7£-2 VOID 3 . 2£-3 
5 VOID 2 . 0£-2 l .  7£-2 VOID 6 . 0£-3 
Average 9 . 6£-3 1 . 0£-2 1 . 5£-2 2 .  OE-2 5 . 9£-3 
1 3 . eE-3 2 . 9£-3 6 . 9£-3 9 . 1£-3 3 . 1£-3 
2 4 . 1E-3 1 . 3£-2 2 . 3£-3 1 . 1£-3 3 . 2£-3 
'75 3 3 . 5£-3 3 . 7£-3 9 . 5£-3 2 . 4£-3 4 . l£-3 
4 2 . 4£-3 1 . 1£-2 4 .  6£-3 5 . eE-3 3 . 7£-3 
5 2 . 9£-3 1 . 2E-3 e .  4£-3 VOID 1 .  7£-3 
Average 3 . 3£-3 8 . 6£-3 6 . 3£-3 4 . 6£-3 3 . 2£-3 
------------------ ---------------------------------------------------------- --
Mixture A :  AC-20 100' Lime 
Mixture B: AC-20 100, Natural Sand 
Mixture C :  AC-40 100' Natural Sand 
Mixture D :  AC-20 eo' Limestone, 20' Natural 
Mixture E :  AC-4 0 100, Lime 
'l'able 21 . Permanent Deformation at 200 Cycles 
Number of 
Blows 
Sample 
No . 
Mixture 
A 
Ep 
(in/in) 
Mixture 
B 
Ep 
(in/in) 
Sand 
Mixture 
c 
Ep 
(in/in) 
Mixture 
D 
Ep 
Un/in) 
Mixture 
E 
Ep 
(in/in) 
------------------------ ------------------------------------------------------
1 l . OE-2 l . OE-2 2 . 7£-2 1 .  9E-2 6. 9E-3 
2 l . 5E-2 e . 9E-3 3 . 6£-2 2 . 5E-2 7 . 5E-3 
50 3 l . OE-2 e . 6E-3 3 . 9E-2 VOID 6 . 4£-3 
4 l . lE-2 1 . 1E-2 2 . 6E-2 VOID 9 . 4£-3 
5 VOID 2 . 4£-2 2 . 5£-2 VOID 4 . 1£-3 
Average 1 . 1£-2 1 . 2£-2 3 . 1£-2 2 . 2E-2 6 . 9£-3 
1 4 . 2E-3 3 . 6£-3 8 . 9£-3 1 . 1£-2 3 . 6£-3 
2 4 . 7£-3 1 . 6£-2 3 . 0£-3 l . 3E-2 3 . 7£-3 
'75 3 4 . 0E-3 4 . 4£-3 1 . 1£-2 3 . 1£-3 4 . 9E-3 
4 2 . eE-3 1 . 3£-2 5 . 5£-3 7 . 1£-3 4 . 2£-3 
5 3 . 3E-3 1 . 4£-2 l . OE-2 VOID 2 . 2£-3 
Average 3 . eE-3 l . OE-2 7 . 9£-3 B . BE-3 3 . 8£-3 
------------------------------------------------------------------------------
Mixture A :  AC-20 100% Lime 
Mixture B: AC-20 100' Natural Sand 
Mixture C :  AC-4 0 lOOt Nat�ral Sand 
Mixture D :  AC-20 80' Litnest.one , 20% Natural Sand 
Mixture E :  AC- 4 0  1 0 0, Lime 
�able 2 2 .  Permanent Deformation at 400 Cycles 
.............................................................................. 
liumber of 
'Blows 
Sample 
No. 
Mixture Mixture Mixture Mixture Mixture 
A B C D £ 
-------------------_-__ -_-_-._:�:n'�:t-_-__ -_-__ MI� =�'--------1_:;�=��-----!:_£:�::::::�;:-;: __ :;_=�I!;;;;;;�zi�;;;l -________ __j 
l 1 . 5£-2 1 .2£-2 B . l£-2 2 . 8£-2 e . n-3 
2 1 . 9£-2 1 . 5£-2 4 . 5£-2 VOID 1 . 0£-2 
50 3 1 . 4E-2 1 . 8£-2 7 . 7£-2 VOID 7 . 3£-3 
4 1 . 2£-2 1 . 0£-2 4 .3£-2 VOID 5 . 3£-3 
5 VOID 3 . 0£-2 5 . 7£-2 VOID 8 . 0£-3 
Average 1 .  5£-2 1 . 7£-2 6 . 1£-2 2 . 9£-2 8 . 1£-3 
1 4 .  7E-3 4 . 4£-3 1 . 2£-3 1 . 4£-2 4 . 5£-3 
2 5 . 4E-2 2 . 1£-2 4 . 2£-3 1 . 5£-2 4 . 2£-3 
7 5  3 4 . 5£-3 5 . 3£-3 1 . 6£-2 3 . 7£-3 5 . BE-3 
4 3 . 1£-3 1 . 5£-2 6 . 9£-3 8 . 4£-3 4 . 8£-3 
s 3 . BE-3 l . BE-2 1 . 2£-2 VOID 2 . 5£-3 
Average 4 . 3£-3 1 . 2£-2 8 . 5£-3 l . OE-2 4 . 3£-3 -----------------------------------------------------------------------------
Mixture A: AC-20 100\ Lime 
Mixture B :  AC-20 100\ Natural sand 
Mixture C :  AC- 4 0  100\ Natural Sand 
Mixture D :  AC-20 B O \  Limestone, 20\ Natural Sand 
Mixture E :  AC-40 100\ Lime 
�able 2 3 .  Summary of Statistical IT-test) Analysis on Permanent Deformation 
at 1 0 0  Cycles 
------------------------------------------------------------------------------
Nwnber of 
Slows Mixture 
* P - Value for control 
vs nonlinear mixture 
Average Permanent 
Deformation (in/in) 
-----------------------------------------------------------------------------
A 9. 6E-3 
J! 0 . 6972 l . OE-2 
50 c 0 . 1 668 1 . 5E-2 
p 0 . 2251 2 . 0E-2 
E 0 .  0 1 9 1  5 . 9E-3 
A 3 . 3E-3 
J! 0 . 0745 8 . 6E-3 
75 c 0 . 0 825 6 . 3E-3 
p 0 . 5384 4 . 6E-3 
E 0 . 7538 3 . 2E-3 -----------------------------------------------------------------------------
• A significance level of 0 . 05 was used to decide if the appropriate T-test 
assumes equal variance or not . 
Mixture A :  AC-20 1 0 0 %  Lime 
Mixture J! :  AC-20 1 0 0 %  Natural Sand 
Mixture C :  AC-40 1 0 0% Natural Sand 
Mixture P :  AC-20 8 0 %  Limestone, 2 0 % Natural Sand 
Mixture E :  AC-4 0  1 0 0 \  Lime 
�able 2 4 .  Summary of Statistical IT-test) Analysis on Per=anent neformation 
------------------�.t-2DO Cycles. 
----------------------------------------------------------------- -------------------------.--
Number of 
Blows Mixture 
• P - Value for control 
vs. noncontrol mixture 
Average Permanent 
Deformation (in/in) 
------------- - - - --- - - - - - -------- ------ -- ----------- ---------------- ---- --- -- -
A 1 . 1£-2 
B 0 . 7 9 8 9  1 . 2£-2 
50 c 0 . 0006 3 . 1£-2 
I> 0 .  O l 4 6  2 . 2E-2 
E 0 . 0 0 9 8  6 . 9E-3 
A 3 . BE-3 
B 0 . 0401 1 . 0E-2 
"75 c 0 . 0365 7 . 9E-3 
I> 0 . 0471 B . BE-3 
E 0 . 9392 3 .  8E-3 
- ---- - --- - - ----- ----- ------ - - ----------- ---- - - - - - - --- --- - - - --- --- - - ------ ----
.. A significance level of 0 . 0 5 was used to decide i f  the appropriate T-test 
which as sume equal variance or not . 
Mixture A :  AC-20 1 0 0 %  Lime 
Mixture B :  AC-20 1 0 0 %  Natural Sand 
Mixture C :  AC-40 1 0 0 %  Natural Sand 
Mixture I> :  AC-20 8 0 %  Limestone, 2 0 %  Natural Sand 
Mixture E: AC-40 1 0 0 %  Natural Sand 
Table 2 5 .  Summary of Statistical (T-test) Analysis on Permanent Deformation 
at 4 0 0  Cycles . 
-----------------------------------------------------------------------------
Number of 
Blows Mixture 
• P - Value for control 
v s .  noncontrol mix 
Average Permanent 
Deformation (in/in) 
- -- - -- - --- - - - -- - - - - - ------- - - ---- - - - - - - - ------- --- - - - - --- ---- - - --- -- --- ---- --
A l . SE-2 
B 0 . 6472 l . 7E-2 
so c 0 . 0040 6 . lE-2 
I> 0 . 0043 2 .  BE-2 
E 0 . 0 08 B . lE-3 
A 4 . 3E-3 
B 0 . 0367 1 . 2E-2 
75 c 0 . 22 4 8  B . SE-3 
I> 0 . 1 0 9 8  1 . 0E-2 
E 0 . 9721 4 .  3E-3 
-- - ---- ------- -- - - - - - - ------- --- - ------------ - -- - - ------ ---- -- - - --- ----------
* A  significance level of 0 . 05 was·  used t o  decide if the appropriate T-test 
which assumes equal variance or not . 
Mixture A: 
Mixture B :  
Mixture C :  
Mixture I> :  
Mixture E :  
AC-20 1 0 0 %  Lime 
AC-20 1 0 0 %  Natural Sand 
AC-40 1 0 0 %  Natural Sand 
AC-20 8 0 \  Limestone, 2 0 %  Natural Sand 
AC-40 1 0 0 %  Lime 
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